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Acronyms and Abbreviations 

 

APEC  Asia-Pacific Economic Cooperation 

CROP  Council of Regional Organisations in the Pacific 

ESA  European Space Agency 

PICT  Pacific Island Countries and Territories 

PIFS  Pacific Island Forum Secretariat 

ROK  Republic of Korea 

ROK-PI-IUU Republic of Korea-Pacific Islands Remote Sensing Surveillance System for  

  Supporting Illegal, Unreported and Unregulated (IUU) Fishing Control Activities 

  Project 

KIOST  Korea Institute of Ocean Science & Technology 

FFA  Pacific Islands Forum Fisheries Agency Secretariat 

SPREP  Secretariat of the Pacific Regional Environment Program 

AIS  Automatic Identification System 

S-AIS  Satellite-based Automatic Identification System 

RSP  Regional Surveillance Picture 

RFSC  Regional Fisheries Surveillance Centre 

MCS  Monitoring Control and Surveillance 

VMS  Vessel Monitoring System  
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1. Project  
 

 

Project Title 
Republic of Korea-Pacific Islands Remote Sensing Surveillance Sys-
tem for Supporting Illegal, Unreported and Unregulated (IUU) Fish-
ing Control Activities Project 

Donors 
 Government of Korea 
 Pacific Island Forum Secretariat (PIFS) 

Implementing Agen-
cies 

 Korea Institute of Ocean Science & Technology (KIOST) 
 Pacific Islands Forum Fisheries Agency (FFA) 

Involved 
Countries 

Cook Islands 
Federated States of Micronesia 
Fiji 
Kiribati 
Republic of the Marshall Islands 
Nauru 
Niue 

Palau 
Papua New Guinea 
Samoa 
Solomon Islands 
Tonga 
Tuvalu 
Vanuatu 

 

2. Funding 
 

Payment/Agency 1st Payment 2nd Payment 3rd Payment 

KIOST $310,000 $310,000 $620,000 

FFA $130,000 $130,000 $260,000 

Secretariat 

(Administration Fee) 
$60,000 $60,000 $120,000 

Total $500,000 $500,000 $1,000,000 

 

3. Project History 
 

‘15. Sep. 14-17 (PIFS-KIOST) First meeting (revising subsidiary arrangement, project manage-

ment) 

 (KOR-PIF) Technical meeting at PIFS for arranging project object and contents 

‘15. Oct. 28 Signed: Subsidiary Arrangement  

‘15. Nov. 3-4 (KIOST) attended “Symposium for Promoting Korean Overseas Fisheries Compa-

nies’ Corporate Social Responsibility (CSR) towards the Pacific Region” and pre-

sented “Satellite Remote Sensing and its Application for Fishery Resource and 

Coastal management in PIF Region’’ 

 (KIOST-MFMRD) Visited Ministry of Fisheries and Marine Resources Develop-

ment of Kiribati to understand fishery monitoring status of PIF region / Collecting 

project requirements 

‘16. Jul. 29-30 (KIOST-FFA) KIOST visited FFA to meeting for arranging project contents and un-

derstand FFA status 

‘16. Sep. 15 Signed: Revised Implementation Agreement 

‘16. Nov. 02 (FFA) Two FFA staff visited KIOST to discuss FFA status and project plan 
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‘17. Mar. 27-28 (KOR-PIF) Critical Design Review 

‘17. Oct. 26 Signed: Deed of Amendment (Change project end date to 19. 12. 31) 

‘18. Aug. 09-10 (PIF-KIOST) Annual project update meeting & visit Samoa IUU control facilities 

‘18. Sep. 02-19 (FFA) A FFA staff visited KIOST and MOFA to report project progress 

‘18. Nov. 26-29 (KOR-PIF) Mid-Term Review & Annual Technical Evaluation & Attending PGRSC 

‘19. Sep. 23-27 (KIOST-FFA-CSIRO) Technical workshop for checking project progress and dis-

cussing future cooperation 

‘19. Nov. 28-29 (KIOST) KIOST attended “Pacific GIS and Remote Sensing Council (PGRSC) 2019” 

and presented “Remote Sensing Surveillance System for Supporting Illegal, Unre-

ported and Unregulated (IUU) Fishing Control Activities” 

 (KIOST-FFA-CSIRO) Discussion on utilization of NovaSAR for future usage 

 & Future collaborate plan 

‘19. Dec. 04-14 (FFA) A FFA staff visited KIOST and MOFA to report project progress 

‘19. Dec. 31 Project End 

 
 
 
 
 
 

 

Figure 1.  Meeting at Ministry of Fisheries and Marine Resources Development at Kiribati  (Nov. ‘15) 
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Figure 2.  Meeting at FFA (Jul. ‘16) 

 

 

 

 

 

Figure 3.  CDR meeting at Nadi, Fiji (Mar. ‘17) 
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Figure 4 Annual meeting at Apia, Samoa (Aug. ‘18) 

 

 

 

 

Figure 5.  Mid-Term Review (Nov. ‘18) 

 

 



6 
 

 

 

 

 

Figure 6.  Technical meeting at CSIRO (Sep. ‘19) 
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4. Project Overview 
 

 

 

 

 

 

 

 

Figure 7.  Project Overview 

 

 

 

The basic concept of ship detection system is to acquire Sentinel-1 data provided by ESA and 
detect vessels and share the results to FFA (Figure 7). 

Usually, vessels need to report their position through radio communication (e.g., AIS) to the 
VMS. However, vessels operating illegally have the problem of turning off the AIS (or other ma-
chine) transmitter. Also, ships far from the ground station are also difficult to locate due to the 
loss of position report signals. For this reason, it is necessary to use satellites to monitor vessels 
that are involuntary for monitoring or in the far ocean. 

This project aims to use Sentinel-1 because it is a satellite equipped with SAR sensors for day 
and night surveillance using microwave can penetrate the cloud. The project output is expected 
to be support IUU surveillance and control activities with synergetic usage with local surveillance 
infrastructure such as PPB and airplane. 
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5. Main Project Outputs and Indicators 
 

 

5.1 Item 1 – Development Ship Detection Module (KIOST) 

 

In accordance with the project plan, KIOST developed a Sentinel-1 ship detection system during 
project period. The goal of the system is to download the Sentinel-1 image and then detect and 
display the detected vessel using proper satellite image processing techniques. To achieve this 
goal, the ship detection system was developed in following four modules: Sentinel-1 acquisition 
module, Sentinel-1 pre-processing module, Sentinel-1 ship detection module, and Sentinel-1 vis-
ualization module. 

To explain the KIOST achievements, in this section, first, overall system diagram (Figure 8) is 
described and then the function of each submodule is explained. 

 

 

5.1.1 Sentinel-1 Ship Detection System 

 

 

Figure 8.  Ship detection system module diagram 

 

 

Above diagram describes an overview of the KIOST ship detection system. In addition to the 
Sentinel-1 acquisition, pre-processing and detection module, database and interface were added 
to complete the operational ship detection system. 

The interface part was designed to control each functionality of the ship detection system easily 
and to handles data request from the outside, likes FFA system. If the FFA system requests ship 
detection results, this interface then provides ship detection results. Therefore, the visualization 
module was absorbed in this part. 

Plus, PostgresSQL database was adopted to manage and store of vessel data. 
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5.1.1.1 Sentinel-1 Acquisition Module 

 

 

Figure 9.  API example of Copernicus Open Access Hub 

 

ESA provides Sentinel data at free of charge through their website, named ‘Copernicus Open 
Access Hub.’  This site provides a search function for Sentinel-1 data, and also Sentinel-2 data is 
also available through this website, which will be used at future.  

Copernicus Open Access Hub provides the Open Search API (Figure 9). This API allows pro-
grams to automatically retrieve and download data without the need for human interaction. 

Based on this API, KIOST has developed a download module (Figure 10). This is a Windows 
Winform-based GUI program that includes most of the functionality provided by the Hub. The 
ESA policy does not limit the number of data downloads, but the number of simultaneous down-
loads is limited to two. In South Korea, it takes about 10 to 30 minutes to download a single Sen-
tinel-1 data from the Hub. 

 

 

Figure 10 Capture image of Sentinel acquisition module 
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5.1.1.2 Sentinel-1 Pre-processing Module 

 

 

  

Figure 11.  Function of Sentinel-1 pre-processing module 

 

 

 

Since the Sentinel-1 data contains distortion like radiometric distortion and geometric distor-
tion, ship detection using original Sentinel-1 data often generates the imprecise results. Therefore, 
pre-processing processes are required (Figure 11). 

Pre-processing is used to each of the following purposes: 

- Radiometric Correction: To correct for radiometric distortion caused by atmospheric ab-
sorption, scattering and sensor calibration. It is also for converting the value of image data 
expressed as digital number, not physical quantity, into σ0 ("sigma nought") related to Ra-
dar cross section. 

- Geometric Correction: To correct SAR image which is affected by the direction of flight and 
beam direction, and other geometric errors caused by various causes.  

- Noise Reduction: To reduce after image of ships due to the phase error of radar system 
caused by ship’s movement and radio frequency interference (RFI) on C-band. Radio inter-
ference on C-band in the WCPO area is rare, but afterimages caused by phase error due to 
ship movement should be eliminated. 

- Land-masking: To exclude land, islands and coral reefs that are difficult to distinguish from 
ships in radar images. 

- Filter: To mitigate speckle noise. 

 

The whole pre-processing steps take less than 10 minutes on an i9 processor.  
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Figure 12 shows the example of pre-processed image. 

 

 

Figure 12.  (a) Sentinel-1 GRD image from Fiji (b) Geo-corrected image (c) Google Earth Pseudo-col-
ored image 
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5.1.1.3 Sentinel-1 Ship Detection Module 

 

 

Figure 13.  Function of Sentinel-1 ship detection module 

 

 

Images that have been pre-processed and land-masked, leaving only the ocean, are easy to find 
ships. Because microwaves are more reflective at the vessel surface than at sea surface, the vessel 
in the Sentinel-1 SAR image is represented by a bunch of bright pixels. 

Sentinel-1 Ship Detection Module has 2 functions: CFAR Detection and Contour Detection (Fig-
ure 13). 

Moving window CFAR Detector is a method of detecting locally bright pixels, which is advanta-
geous for detecting ships in SAR images. 

Contour Detection is a method of detecting boundary (or simply it can be referred as object 
detection). It detects the boundary values of various objects appearing on a SAR image. 

The below two formula describes CFAR detector adopted ship detection system. PFA means 
probability of false alarm.  According to the defined PFA, the value of t in the below equations is 
determined, and according to the value of t, only pixels brighter t sigma than the surroundings 
are selected. The result is, only locally bright pixels are selected. 

 

 

 

 

 

After performing CFAR detection, the chunks of bright pixels are extracted into objects 
through contour detection. Most of these extracted objects are ships. 

 

𝑃𝐹𝐴 = ∫ 𝑓(𝑥)𝑑𝑥
𝑖𝑛𝑓

𝑇

=
𝑁(𝑝𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑)

𝑁(𝑃𝑡𝑜𝑡𝑎𝑙)
 

𝑃𝐹𝐴 =
1

2
−
1

2
𝑒𝑟𝑓(

𝑡

√2
) 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦(𝑥) > 𝜇𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 + 𝜎𝑏 ∗ 𝑡 
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Figure 14.  (Left) Sentinel-1 SAR image (Right) CFAR detection applied image 

 

 

 

5.1.1.4 Sentinel-1 Visualization Module 

 

 

Figure 15.  Sentence 12 in Critical design review report 

 

 

As discussed at the critical design review meeting on March 27, 28, 2017, KIOST decided to use 
Google Earth for visualization to provide ship detection results. Therefore, KIOST has developed 
a visualization module to output vessel detection results in the KMZ format used by Google Earth.  

Adopting Google Earth has a many advantages. It is free, independent of operating environment, 
and has many users. It can therefore be used in other oceanic/geometric applications and can 
easily be integrated in existing FFA monitoring system which is using Google Earth. 

Considering the network capacity of WCPO area, the generated ship detection result KMZ file 
contains ‘vessel chipset’ extract from Sentinel-1 image, not the entire image of Sentinel-1.  

 
 

 

Figure 16.  Sentinel-1 Chipset output 
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By adopting this chipset format, the ship detection result generated from a single Sentinel-1 
data shows that the KMZ file is smaller than 3 MB while entire Sentinel-1 image KMZ file is usually 
larger than 150 MB. 

As explained in section 5.1.1, since it will be directly utilized with FFA system, so it is absorbed 
in the interface part.  

 

 

Ship monitoring results likes above figure will be provided following HTTP GET request: 

http://KIOST/v1/search/query?datatype=sarship&xfrom={minLon}&xto={maxLon}&yfrom={min-
Lat}&yto={maxLat}&datefrom={yyyyMMddHHmmss}&dateto={yyyyMMddHHmmss}&format={kmz 
or json}&file={true or false} 

 

 

To get the KMZ results of the Sentinel-1 detection on December 11, 2019 for Fiji’s waters, fol-
lowing GET request will work. 

http://KIOST/v1/search/query?datatype=sarship&xfrom=175&xto=180&yfrom=-20&yto=-15&date-
from=20191205000000&dateto=20191206000000&format=kmz 

 

 

 
 

Ship detection result is also provided in json format for easy handling. After FFA opens REST 
API to collect json result, the ship detection system can automatically send via POST API.  
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5.1.2 Land-Masking Dataset 

 

As described in 5.1.1.3, the ship detection system uses a moving window CFAR detector to ex-
tract locally bright pixels from the Sentinel-1 imagery. Therefore, the pixels in the land cause in-
correct results in CFAR detector due to the high intensity. To prevent it, land-masking is per-
formed, and it requires land dataset. 

The General Bathymetric Chart of the Oceans (GEBCO) is often used for this purpose, however 
the resolution is low and not proper to use to coastal area. 

Therefore, KIOST made new land-masking dataset using AW3D30 provided by The Japan Aer-
ospace Exploration Agency (JAXA). AW3D is a digital surface model which has height above sea 
level in meter in land area and NaN for ocean area. This data, freely available in 30 m resolution, 
has a significant advantage over GEBCO for land-masking purposes. Since JAXA updates AW3D30 
periodically, it is better than Shuttle Radar Topography Mission (SRTM) data which published 
late 2014 which is widely used such as Sentinel Application Platform (SNAP). 

 

 

Figure 17. Comparison of Google map and AW3D30 images: (Top) Google Earth and (Bottom) AW3D30 
comparison in the Northern Division region of Fiji 

 

However, there are a lot of small islands is omitted and since it is surface model, it does not 
include atoll, reef barriers, and etc. To handle this issue, KIOST is additionally used Landsat-8 for 
some areas like Fiji and Samoa (Figure 18). In addition, AW3D30 was converted to bit (0 and 1) 
data because only the distinction between land and ocean is needed (Figure 17). 
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Figure 18.  Comparison of Landsat-8 and AW3D30: (Top) Extracted additional object from Landsat-8 
(Bottom) New land map data using AW3D30 + above image 
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5.1.3 Ship Detection Result  

 

During the early December 2019 FFA staff visited KIOST, a review of ship detection result for 
area around Fiji and Samoa was conducted. For the reviewing the ship detection result in Fiji, 
Sentinel-1 imagery which was taken at 17:40 on December 5, 2019, UTC. For the Samoa, 06:00 
December 11, 2019 UTC image was used.  

 

 

 

Figure 19.  Yellow Circle: Sentinel-1 ship detection result, Yellow line: AIS trace provided by FFA: 
(Left) Result on Western Division of Fiji (Right) Passenger ship between the Central and Northern Divi-

sions 

 

 

Due to the phenomenon called azimuth shift in SAR imagery, moving vessels are found slightly 
off the actual position. Although location of AIS trace and SAR image is little bit different, actually 
it is matched. The main cause of azimuth shift is well-known therefore KIOST will improve this 
coordinate error. 

Since the resolution of Sentinel-1 is 20 m, ship detection result was shown that ships which size 
is less than 40 m were seldom detected. KIOST is aware of this issue and therefore is working on 
detection techniques not only CFAR detection to make the better ship detection result.  

 

 

 

Figure 20.  Unidentified object suspected as a ship 
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Despite of the weakness described above, the objective finding vessels not identified by AIS or 
the like could be achieved.  

 

 

Figure 21.  Ship detection result (Samoa) 

 

For the Samoa region, only one vessel marked '224224' was detected and confirmed to be con-
sistent with the VMS data of the FFA. 

In addition, KIOST is conducting detailed verification using AIS data around Korean Peninsula 
which is collected KIOST-self. 
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Figure 22.  Ship detection result from Yellow Sea 

 

The results of vessel detection using Sentinel-1 data obtained from the Yellow Sea on August 5, 
2019 are as follows 

- A) Number of AIS vessels: 267 
- B) Number of SAR detected ship matched with AIS: 235 (88%) 
- C) Number of AIS vessels not matched Sentinel-1 result: 32 (12%) 
- D) AIS existed but not visible in the SAR image: 28 of 32 (C) 
- E) AIS existed also visible in the SAR image, but not detected: 4 of 32 (C) 
- F) Number of missing vessels by land-masking because it is close to land: 3 of 4 (E) 

Total ratio of SAR-AIS matching: 88%  

Processing time: < 15min @ i9 
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5.1.4 Academic Activities About Ship Detection 

 

Conference presentation 

 

2016. 10. 13,  Development of SAR Image Enhancement Method for Automatic Ship Detection, Fall 
conference of the Korean association of geographic information studies/ Jeongju Bae, 
Chan-Su Yang 

2016. 11. 24, A Study of Reduction Landmasking Error on SAR Image for Automatic Ship Detec-
tion, Fall onference of the Korean society of marine environment & safety/ Jeongju Bae, 
Chan-Su Yang 

2017. 5. 17, GPU-based Parallel Computing for Processing Sentinel-1 SAR Image, International 
Symposium on Remote Sensing 2017/ Jeongju Bae, Chan-Su Yang 

2017. 5. 17, An improved method of land masking for KOMPSAT-5 images using Sobel edge de-
tection and electronic navigation chart, International Symposium on Remote Sensing 
2017/ Ju-Han Park, Harun-al Rashid Ahmed, Chan-Su Yang 

2017. 10. 13, Monitoring of Coastal Structure & Topography Changes Using Satellite-based Syn-
thetic Aperture Radar Imagery, Fall conference of Korean Society of Coastal Disaster Pre-
vention/ Ju-Han Park, Chan-Su Yang 

2018. 11. 9, Maritime Domain Awareness (MDA): Ship Detection and Classification by Spaceborne 
Synthetic Aperture Radar, ICSANE 2018/ Kazuo Ouchi, Gerard M. Martin, Chan-Su Yang 

2019. 7. 29, SATELLITE IMAGE-BASED SHIP CLASSIFICATION METHOD WITH SENTINEL-1 IW 
MODE DATA, IEEE International Geoscience and Remote Sensing Symposium 2019/ 
Seungryong Kim, Jeongju Bae, Chan-Su Yang 

2019. 8. 9, REMOVAL OF DIFFERENT TYPES OF NOISES IN SYNTHETIC APERTURE RADAR (SAR) 
IMAGES FOR IMPROVED SHIP DETECTION, IEEE International Geoscience and Remote 
Sensing Symposium 2019/ Ju-Han Park, Chan-Su Yang, Harun-al Rashid Ahmed, Kazuo 
Ouchi 

2019. 10. 31, Estimation of Ship Velocity from Multispectral Satellite Image, ICSANE 2019/ Tae-
Ho Kim, Jeongju Bae, Chan-Su Yang 

2019. 10. 31, Performance Evaluation of Ship Detection Using Sentinel-1 IW Data, ICSANE 2019/ 
Seungryong Kim, Chan-Su Yang 

2019. 10. 31, Practical Approach for Noise Reduction in Synthetic Aperture Radar (SAR) Images, 
ICSANE 2019/ Ju-Han Park, Chan-Su Yang 

 

Paper 

 

2018. 3. 26, An Improved Method of Land Masking for Synthetic Aperture Radar-based Ship De-
tection, The Journal of Navigation / Chan-Su Yang, Ju-Han Park, Harun-Al Rashid, (SCIE) 

 

2017. 8. 31, Land Masking Methods of Sentinel-1 SAR Imagery for Ship Detection Considering 
Coastline Changes and Noise, Korean Journal of Remote Sensing/ Jeongju Bae, Chan-Su 
Yang (Korea Citation Index) 
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5.2 Item 2 – Background Study for Preparing Project 2nd Phase (KIOST) 

 

To propose and prepare the project second phase, KIOST conducted studies about other satel-

lites. Additional satellites studied for monitoring WCPO area to use 2nd phase as follows: Sentinel-

2, Radarsat, NovaSAR, NPP VIIRS (VBD product.) 

Radarsat and NovaSAR are SAR satellites that provide data similar to Sentinel-1. Instead of 

studying them, KIOST is conducting a proof-of-concept (POC) study on the VBD products of NPP 

VIIRS and Sentinel-2, which are not SAR satellite but multispectral (optical) satellites. 

An example of the result of a study on ship detection using Sentinel-2 is shown below. 

 

 

Figure 23.  Sentinel-2 ship detection result (test purpose) 

 

The result is generated automatically by the ship detection system, and it is expected that Sen-

tinel-2 is also useful to monitor ships if cloud is handled properly (because cloud is white and 

bright, so they can be confused with ships or ship wakes by ship detection system.) 

If proper pre-processing algorithm which considers optical characteristics is developed, it will 

be helpful in monitoring IUU fishing in the WCPO region. 
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Figure 24.  NPP VIIRS VBD product on WCPO region 

 

 

KIOST also conducted a study of the NPP VIIRS VBD product. This data is obtained at night, and 

contains the fishing boats which lighting up and operating at night. Since the data are obtained 1-

2times a day for extensively wide area, it will be useful for monitoring night fishing vessels. 
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5.3 Item 3 – Project Promotion (KIOST) 

 

KIOST is working on making video like Figure 25 and brochure likes Figure 26 for promotion. 

 

 

Figure 25.  Title scene of promotion video 

 

 

 

Figure 26.  Cover page of promotion brochure 
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5.4 FFA’s role in the project had multiple aspects. These include: 

 Developing a process for dealing with and storing received remote sensing detections; 

 Technical delivery of processed and analysed detections to members for integration into 

existing workflows; 

 Capacity development of both FFA Secretariat staff and Members on the engagement of 

SAR for fisheries enforcement; and 

 Engagement with FFA members. 

 FFA came to this project with very little capacity or understanding of remote sensing uti-

lisation in fisheries enforcement. A significant investment of staff time was required to up skill 

FFA staff, which occurred throughout the project.  

 FFA focused on integrating remote sensing data and displaying it in existing Regional 

Fisheries Surveillance Centre (RFSC) system. After implementing an initial system of just record-

ing and displaying the reported contacts, it became apparent that the sensed area boundary was 

important for understanding in the analysis. Eventually this process was adapted and has become 

the standard technical display for analysis of contacts from all sources in the RFSC. The analyst 

assigns a “compliance index” to the reported contact detection. The final portion of the technical 

solution involved linking with KIOST for an automatic secure transfer of detection data using 

mechanisms based on an industry standard of REST API.  

 For reported SAR contact detections, the compliance rating adopted was essentially bi-

nary scale, 0 if a matching vessel was reported on any other system (ie AIS or VMS), or -5 if not 

able to be correlated.  

 FFA Secretariat engagement with members on remote sensing was focused on attach-

ments during the four annual regional MCS operations. This capability and engagement devel-

oped over the period of the project culminating in the project sponsoring two FFA member par-

ticipants into the analysis cell of the RFSC during Operation Kurukuru 2019. In addition, briefings 

to the FFA membership on the project was also conducted at the annual MCS Working Group 

meeting. 

 As FFA’s understanding of the capabilities of remote sensed data improved, the envi-

sioned role within the MCS process was adjusted. For example we learned that analyst’s using the 

developed analysis process it is relatively easy to cross match remote sending data with existing 

VMS or AIS reported positions. However, the information reported by the SAR was insufficient to 

identify vessel, so for MCS purposes it was important to have a response enforcement asset to 

cover scanned areas to further verify vessels. After several trials using the patrol boats as the 

response asset, this was discontinued, mainly because the large area covered by SAR could not be 

adequately scanned by the response enforcement asset. Subsequent trials using surveillance air-

craft commenced and while several encouraging trials have been conducted they are still being 

shaken out. Operationally the utilisation of SAR with surveillance aircraft is looking to be of op-

erational benefit. The exact method operation is still to be determined.  

 In a case of fortunate timing for the FFA secretariat, two FFA members independently 

engaged in remote sensing trials during the period of the project and the secretariat was able to 

provide assistance because of the capacity developed through this project.  

 A small but final point is that FFA co-contributed to this project with staff time and re-

sources to the project. 
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6. Project Beneficiaries 
 

The project directly benefits 14 Pacific Island Countries’ Fisheries and Maritime Enforce-

ment Agencies. These countries are Fiji, Nauru, Tonga, Republic of the Marshall Islands, Tuvalu, 

Samoa, Niue, Vanuatu, Papua New Guinea, Solomon Islands, Kiribati, Palau, Federated States of 

Micronesia, and Cook Islands. 

 

 

7. Toward a Project Second Phase 

 This project has shown the potential for remote sensing to be integrated into the Moni-

toring, Control and Surveillance (MCS) efforts in the Western and Central Pacific Ocean (WCPO) 

by the Pacific Islands countries (PIC).  However much remains to be explored to ensure the long 

term application of remote sensing 

 Standard Operating Procedures for the use of remote sensing 

 Exploration of non SAR data sources in the region 

 

7.1 Previous result 

As a result of the previous project, named ‘Remote Sensing Surveillance System for Sup-

porting Illegal, Unreported and Unregulated(IUU) Fishing Control Activities’, KIOST tested the 

ship detection in the Pacific region using Sentinel-1 satellite. Additionally, the verification using 

AIS of Korean water, which KIOST collected, showed a 88% Sentinel-1 and AIS matching ratio 

 In addition to the ship detection based Sentinel-1 SAR data, high resolution map data of 

the Pacific region was made which applicable for all satellite based application. It can be 

used to monitor the Pacific region using various satellites, e.g., Sentinel-2, ICEYE 

 Through the previous project, FFA now has experience and capacity of satellite applica-

tion. 

 There is arising potential to use deep learning and big data technologies due to the its’ 

maturity. 

 Based on these backgrounds, there is a possibility of introducing additional multiple sat-

ellites equipped with various sensors and state-of-the-art technologies on IUU surveil-

lance systems. 

 There is a necessity of utilization research on multi-spectral optical satellite such as Sen-

tinel-2 and PlanetScope for day-time monitoring, and NPP VIIRS for night-time monitor-

ing.  

  

 
Figure 27. (Left) Fishing boat in night operation (Right) Night fishing boat seen in the image. 
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7.2 Second phase plan 

7.2.1 KIOST 

● Development of fishing vessel monitoring system using satellite data as follows:  

1) Application Research for a specified area 

  Synthetic Aperture Radar (SAR) except Sentinel-1(ex. Radarsat, NovaSAR) 
2) Daytime optical (multi-spectral) sensor data: Sentinel-2(10-20m resolution) 

 Nighttime visible/infrared imaging radiometer data: Daily operational purpose 

 

● Development of ship classification algorithm using neural network, statistics, and bigdata 

 

7.2.2 FFA 

1) Operational usage of multiple satellites (SAR, optical, VIIRS)/Capacity building 

2) Combined utilization of satellite & local surveillance (patrol boat, aircraft, etc):Satellite applica-

tion and feedback to improve the system 

 

7.2.3 PIFS 

1) Managemnet & Evaluation of the project  

 

7.3. Project goal 

1) Shor term goal 

 Development and opration of IUU surveillance system using multiple satellites  

 Capacity building for multiple sensory satellites of PIF nations 

 

2) Long term goal 

 Supporting the Pacific region to monitor IUU fishing activities using multiple satllites for 

sustainable fishery and environment preservation 

 Cooperative research of KOR-PIF 

  



27 
 

8. Financial Report   

8.1 The financial acquittal report for KIOST is detailed below. 

Category Line Item 
Amount  
(USD) 

Carry Forward of Funds Second half of 2019 Budget 520,376.34 

Research Cost Payroll cost 
Research activity 
(including travel expenses) 
Expenses for research material 

(171,475.81) 
(100,658.73) 

 
(248,241.80) 

Total expense 
 
Balance of funds for the project at 31 December 2019 

(518,876.34) 
 

Approx. 1,500 

 

8.2 The financial acquittal report for FFA is detailed below. 

Category Line Item 
Amount  
(USD) 

Carry Forward of Funds Second half of 2019 Budget 72,541.00 

Attachment/Trainee Support 1 Cook Island attachment (Solo-
mon Islander attachment at no 
cost as in country) 

(5,021.45) 

Travel Support Technical exchanges with 
KIOST 

(15,197.55) 

Imagery Acquisition Additional Remote Sensing Pro-
cessed Acquit ions 

(49,041.87) 

Equipment Office Equipment for project (4,855.33) 

Total expenses (74,116.20) 

FFA Fund adjustment 1,575.20 

Balance of funds for the project at 31 December 2019 - 
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